Tailings reservoirs generally consist of a tailings dam, a tailings conveying system and a drainage system, which are indispensable facilities and provide security and environmental protection for storing tailings and clarifying water in some industries (e.g., metallurgy, non-ferrous building materials, nuclear and chemical industries). Consequently, consolidating seepage prevention and treatment is important. When applied to seepage prevention works for tailings reservoirs, current seepage prevention technologies can cause destruction of the dam and require further construction sites. It is therefore essential to adopt new types of advanced and practical technologies. Aimed at studying the feasibility of the application of non-water reaction polymer grouting technology in seepage prevention of tailings reservoirs and acquiring the properties for practical engineering, an analysis of the environmental impact, chemical resistance and permeability of the polymer material, and the main technical characteristics of the polymer cutoff wall was conducted. The test results showed that the polymer grouting technology applied to seepage prevention works of a tailings reservoir caused little disturbance to the dam, possessed good anti-seepage performance and perfect durability. This study may provide a reference for the seepage control of tailings reservoirs.
INTRODUCTION
As storage places, tailings reservoirs are constructed in a valley mouth or on marsh land to allow tailings and other industrial runoff scum to subside via mineral processing.
Tailings reservoirs generally consist of a tailings dam, tailings conveying system and drainage system, which are indispensable facilities and provide security and environmental protection for storing the tailings and clarifying the water in some industries (e.g., metallurgy, non-ferrous building materials, nuclear and chemical industries).
Consequently, consolidating the seepage prevention and treatment is important. Tailings reservoirs with a length of service and long-term storage can cause enormous hazards and pollution to the environment. Severe dam failure and tailings leakage can lead to a significant number of casualties, building damage and environmental pollution. To achieve monomer dissociation, minerals are generally shattered owing to the fine particles of some minerals. Tailings slurry from the beneficiation plant is drained into the tailings dam through a piping system. Then, the tailings ores subside in the reservoirs. The cleaning water is drained via with drought, little rain, or strong wind, the tailings mineral powders are more likely to be blown away, which can contaminate the environment. The water resulting from mineral processing contains many mixtures and toxins, which consist of flotation reagents and metal elements in ores, commonly with cyanide, black powder, pine oil, copper ion, lead ion, zinc ion, arsenic and mercury in individual cases during the beneficiation process. Tailings wastewater leaks into surface water, groundwater and soil, which can exacerbate groundwater pollution and land salinization, and result in the reduction of surrounding vegetation and crop yields and the destruction of the ecological environment. Even worse, it can directly threaten the survival of humans and livestock.
China is one of the countries with the largest number of tailings reservoirs and the highest hazard rates in the world.
According to a study by the American public hazard assessment group of Clark University, among more than 90 kinds of major disasters in the world, tailings reservoir failure ranks 18th below nuclear explosion, nerve gas, cholera and floods, etc. Once a dam failure occurs, huge damage is inflicted on people's lives, property safety and the ecological environment of the downstream area. According to incomplete statistics, by the end of 2012, China had a total of 12,655 tailings reservoirs. The basic characteristics of tailings dams are shown as follows: (1) large quantities, small-scale and fourth-class reservoirs account for 95%; (2) popularly dams are constructed in the upstream; (3) abnormal reservoirs accounting for almost 40% and tailings dams with low safety; (4) many residents inhabiting the area downstream of tailings and places with more than 100 people taking up 53%; and (5) 
ENVIRONMENTAL IMPACT PROPERTIES TEST
With the aim of analyzing the influence of polymer materials on the quality of groundwater, a laboratory water quality analysis of the water soaking polyurethane polymer grouting material was carried out.
Polymer material, which was formed under no restriction, was divided into three groups and immersed in distilled water for 24 hours, 72 hours, and 3 months, respectively. The ratio of polymer and distilled water quality was 1:120. Filtration supernatant was collected for water quality analysis after sufficient soaking time.
The results of the polymer water quality test are listed in Table 2 , and compared with drinking water sanitary standards.
Testing polymer material soaked in water proved that polyurethane polymer materials soaked in water over a long period could not be degraded or decayed. The ρ of each component in the filter was far lower than that of the standard. Analysis results of the filter composition showed that no polymer material was contained in the filter. The water quality test results of polymer immersion and drinking water health standards showed that polymer materials caused no damage to the environment considering water quality.
CHEMICAL RESISTANCE TESTS
The polymer materials were immersed in chemical solvents (e.g., oil or grease) in different concentrations, and the volume loss rate of the polymer materials was measured over a period of 30 days. The results were divided into five categories, according to volume loss rate, as shown in Table 3 .
The volume loss rate of the polymer materials immersed in oil or chemical solvents with different concentrations are listed in Tables 4 and 5 . The relationship between material density and initial seepage pressure is shown in Figure 1 .
It can be seen that permeability resistance of polymer materials increases as the polymer materials' density increases. When polymer material density reached 0.6 g/cm 3 , initial water seepage pressure reached 1 Mpa, which could withstand a water head of 100 m. According to the method of dividing hydraulic concrete impermeability, the grade of polymer anti-seepage is equivalent to the tenth grade.
In practical water conservancy projects, the density of polymer material grouted in an impervious curtain was not less than 0.1 g/cm 3 , and initial water seepage pressure reached 0.26 MPa, which could withstand a water head of 26 m. The results show that a double component polymer will usually possess high impermeability. Figure 1 | Relationship between density of polymer material and initial seepage pressure.
MAIN TECHNICAL CHARACTERISTICS OF A POLYMER CUTOFF WALL
Polymer grouting mainly splits and compacts soil by selfexpansion, and causes penetration and cementation to the soil's interface. A polymer grouting material with nonwater reaction in soil generally produces a patchy diffusion.
Considering the high risks of flooding and damage caused by tailings dam failure, seepage control and leakage stop- (2) Excellent impervious performance and high durability:
As a flexible cutoff wall, a polymer cutoff wall has elastic modulus approximate to that of soil. It has good coordination of deformation with the soil, and seismic and crack resistance. (4) No impacts on the environment: Polymer grouting materials do not cause pollution to water and soil, and the construction process does not produce sludge wastewater, and therefore has no effect on the surrounding environment.
(5) 
ANALYSIS ON THE FEASIBILITY OF POLYMER MATERIALS APPLICATION TO A TAILINGS DAM SEEPAGE CONTROL PROJECT
To ensure that the polymer material can be applied to the tailings dam seepage control project, a series of analyses were conducted.
Material corrosion resistance analysis
According to the test result, a polymer cutoff wall was not applicable for a strong acid environment. Polymer materials performed excellently in basic environment corrosion resistance and could be used to store basic wastewater in a tailings reservoir seepage control layer.
Seepage control effect analysis
Generally, the properties of a tailings dam seepage control layer should be equivalent to the impervious performance of a clay layer with permeability coefficient of 10 À7 cm/s and thickness of 1.5 m. In fact, the polymer cutoff wall had a permeability coefficient of 10 À8 -10 À9 cm/s. The antiseepage performance fully met the tailings dam seepage control requirements.
Stability analysis
A tailings reservoir is an important facility to ensure normal operation of an enterprise and surrounding related units, and is also important for safety and environmental protection.
Once the tailings dam breaks, a large amount of tailings waste pours out, which will endanger the surrounding people's lives, property safety and the ecological environment. 
ANALYSIS OF THE SEISMIC AND CRACK-RESISTANCE PERFORMANCE OF A POLYMER CUTOFF WALL
A polymer cutoff wall is a kind of ultra-thin flexible cutoff wall. Its elastic modulus is very approximate to that of soil. The calculation and analysis on the polymer cutoff wall, plastic concrete cutoff wall and common concrete cutoff wall were carried out under two conditions:
• Condition I: stress analysis on earth rock dam under selfweight and hydrostatic pressure.
• Condition II: dynamic stress analysis on earth rock dam under seismic load.
In the finite element model analysis, the Duncan-Chang The calculations showed that with the dam under static and dynamic loads, internal stress of the polymer cutoff wall value was far less than that of the ordinary concrete cutoff wall and plastic concrete cutoff wall. The internal stress of the plastic concrete cutoff wall nearly exceeded the limit, and the polymer cutoff wall still had a large safety margin in condition II generally. The plastic concrete and common concrete cutoff wall exceeded the limit of damage, and the polymer cutoff wall was far from the destruction limit. The calculation results under the two conditions are shown in Table 6 .
FEASIBILITY OF POLYMER GROUTING'S APPLICATION TO A TAILINGS DAM SEEPAGE CONTROL PROJECT
characteristics of polymer grouting material, polymer grouting technology can be used in the following aspects of a tailings dam seepage prevention project. • Polymer curtain grouting: Through the grouting pipe, polymer materials are injected into predetermined positions and the interspace in the rock and soil body is filled with rapid expansion and solidification of polymer material; and the dense rock and soil body is compacted forming a strong and stable waterproof layer. Also, according to the 
